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(54) SEMICONDUCTOR WAFER AND PRODUCTION METHOD THEREFOR 



(57) A Si substrate 1 with a SiGeC crystal layer 8 
deposited thereon is annealed to form an annealed 
SiGeC crystal layer 10 on the Si substrate 1. The an- 
nealed SiGeC crystal layer includes a matrix SiGeC 
crystal layer 7, which is lattice-relieved and hardly has 
dislocations, and SiC microcrystals 6 dispersed in the 
matrix SiGeC crystal layer 7. A Si crystal layer is then 
deposited on the annealed SiGeC crystal layer 10, to 
form a strained Si crystal layer 4 hardly having disloca- 
tions. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a method for 5 
fabricating a semiconductor wafer, and more particular- 
ly, to a method for fabricating a semiconductor wafer in- 
cluding a semiconductor crystal layer having strain. 

BACKGROUND ART 

[0002] Semiconductor devices using a bulk Si crystal 
have attained improved multifunctionality and high- 
speed capability in succession. This attainment is great- 
ly attributed to scale-down of devices. Further device 
scale-down is required for continuing improvement in 
device performance in the future. In order to pursue fur- 
ther device scale-down, however, there exist many 
problems to be technically overcome. If device scale- 
down proceeds successfully, the optimal performance 
of the resultant devices is restricted by the physical 
properties (for example, mobility) of the bulk Si crystal 
as the material. In other words, as long as the bulk Si 
crystal is used as the material, it is difTicult to dramati- 
cally Improve the device performance. 
[0003] In recent years, attempts of using a material 
other than the bulk Si crystal have been made to im- 
prove the device characteristics. One of such attempts 
is using a new material having a mobility greater than 
that of Si, such as a mixed crystal of silicon and germa- 
nium (SIGe) and a mixed crystal of silicon, germanium, 
and carbon (SiGeC). Another attempt is using a strained 
Si crystal. This is an approach of providing a new factor, 
strain, to a Si crystal to reduce scattering of carrier elec- 
trons called intervalley scattering and thus Improve the 
mobility. The latter attempt, in particular, has also re- 
ceived attention from the industrial standpoint, for the 
reasons that improvement in performance is attained 
only by giving strain to the bulk Si crystal and that nec- 
essary machining of the device can be made only using 
the existing Si process technology (for example, oxida- 
tion and etching process technology). 
[0004] Conventionally, a strained Si crystal as de- 
scribed above is produced by depositing a thick SiGe 
crystal layer on a Si substrate made of a bulk Si crystal 
and then depositing a Si crystal on the SiGe crystal lay- 
er. In general, when a SiGe crystal, which has a lattice 
constant greaterthan Si, is epitaxially grown on a Si sub- 
strate in the state that the lattice in the plane of the sub- 
strate is aligned with Si, a considerably large compress- 
ible strain is generated in the SiGe crystal. Once the 
thickness of the SiGe crystal deposited on the Si sub- 
strate exceeds a certain thickness (critical thickness), 
dislocations are generated between the Si substrate 
and the SiGe layer, and the strain is relieved. As a result, 
the in-plane lattice constant of the SiGe layer becomes 
greaterthan that at the surface of the Si substrate. When 
a Si crystal layer is epitaxially grown on the SiGe crystal 



layer, the in-plane lattice constant of the newly deposit- 
ed Si matches with that of the strain-relieved SiGe crys- 
tal, and therefore the Si layer has a lattice constant 
greater than the inherent lattice constant of Si. As a re- 
sult, a strained Si crystal layer undergoing tensile stress 
is produced (hereinafter, a crystal layer that causes lat- 
tice relieving and has an interstitial distance greater than 
a Si substrate, such as the SiGe crystal described 
above, is called a relieved buffer layer). 
[0005] A conventional method for forming a strained 
Si crystal layer on a substrate will be described in more 
detail with reference to the relevant drawing. 
[0006] FIG. 1 is a cross-sectional view of a substrate 
on which a strained Si crystal layer has been formed by 
a conventional method. To fabricate the substrate In- 
cluding the strained Si crystal layer, first, a SiGe crystal 
layer 103 having a thickness of several micrometers or 
more that exceeds a critical thickness is epitaxially 
grown on a Si substrate 101 by CVD. By this growth, 
dislocations are generated In the SiGe crystal layer 103. 
and thus the SiGe crystal layer 1 03 is subjected to lattice 
relieving. Thereafter, a Si crystal is deposited on the 
SiGe crystal layer 103 by CVD, to fomi a strained Si 
crystal layer 104. 

PRLBLEIMS TO BE SOLVED 

[0007] In the conventional technique described 
above, a large defect running through the crystal layer 
(a through dislocation 105) is generated during the for- 
mation of the relieved buffer layer made of the SiGe 
crystal layer 103 having a thickness greater than a crit- 
ical thickness. The through dislocation 105 may even 
enter the strained Si crystal layer 104, according to the 
circumstances, and lead to formation of a defect in the 
strained Si crystal layer 104. Such a defect in the crystal 
layer may become a factor impeding improvement of the 
device characteristics. 

[0008] To solve the above problem, structures in 
which the content of Ge in the SiGe crystal layer 103 is 
changed in stages or in a gradual manner are often used 
to reduce the density of the through dislocation 105. In 
any of these structures, however, in order to reduce the 
density of dislocations, it is necessary to deposit a SiGe 
crystal layer to a thickness as large as several microm- 
eters while changing the Ge content of the SIGe crystal 
layer. Long-time crystal growth is required to form such 
a thick relieved buffer layer, and therefore, cost reduc- 
tion in wafer fabrication is difficult. For this reason, con- 
ventionally, it is considered difficult to use a strained Si 
crystal for practical fabrication of semiconductor devic- 
es. 

DISCLOSURE OF THE INVENTION 

[0009] An object of the present invention is proposing 
a structure and formation method of a relieved buffer 
layer having a reduced density of crystal defects, and 
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thereby fabricating a semiconductor wafer including a 
strained Si layer and the like used as a substrate of a 
semiconductor device. 

[001 0] The semiconductor wafer of the present inven- 
tion includes: a substrate made of a Sr crystal; and a s 
crystal layer formed on the substrate, the crystal layer 
having a lattice constant in the plane greater than the 
lattice constant of the substrate, wherein at least part of 
the crystal layer is a crystal of Si. Ge. and C with SiC 
crystals dispersed in the crystal. 
[0011] With the above construction, the crystal layer 
having a lattice constant in the plane greater than the 
lattice constant of the substrate made of Si crystal can 
be used as the relieved buffer layer. Therefore, a 
strained Si crystal layer can be formed on the relieved 
buffer layer. The semiconductor wafer with the above 
construction can be used as a substrate of a semicon- 
ductor device. 

[0012] The semiconductor wafer described above fur- 
ther Includes a strained Si crystal layer formed on the 

crystal layer. When this semiconductor wafer is used as 
a substrate of a semiconductor device, since the carrier 
mobility in the strained Si crystal layer is greater than 
the carrier mobility in a bulk Si crystal, the resultant sem- 
iconductor device can exhibit improved performance 
compared with a semiconductor device using a bulk Si 
crystal as the substrate. 

[001 3] The first method for fabricating a semiconduc- 
tor wafer of the present invention includes the steps of: 
(a) depositing a crystal layer on a substrate made of a 
Si crystal, at least part of the crystal layer containing Si, 
Ge. and C; and (b) annealing the substrate including the 
deposited crystal layer to relieve the lattice of the crystal 
layer and precipitate SiC crystals in the crystal layer. 
[0014] By the above method, it is possible to fabricate 
a semiconductor wafer that uses the crystal layer con- 
taining Si, Ge, and C as the relieved buffer layer and 
enables formation of a strained Si crystal layer hardly 
having dislocations at positions on the relieved buffer 
layer. 

[0015] In particular, in step (b). by annealing the sub- 
strate to precipitate SiC, it Is possible to suppress gen- 
eration of a through dislocation in the crystal layer as 
the relieved buffer layer. It is also possible to reduce the 
thickness of the relieved buffer layer compared with the 
conventional relieved buffer layer requiring to be as thick 
as about several micrometers. This enables mass-pro- 
duction of the semiconductor wafer on which a strained 
Si crystal layer can be formed. 
[0016] The first method described above further in- 
cludes the step of: (c) forming a strained Si crystal layer 
on the annealed crystal layer including the SiC crystals. 
By this method, it is possible to fabricate a semiconduc- 
tor wafer including a relieved buffer layer containing Si, 
Ge, and C and a strained Si crystal layer. By using this 
semiconductor wafer as a substrate of a semiconductor 
device, the semiconductor device can exhibit improved 
performance compared with a semiconductor device 



using a bulk Si crystal as the substrate. 
[0017] The second method for fabricating a semicon- 
ductor wafer of the present invention includes the steps 
of: (a) depositing a crystal layer on a substrate made of 
a Si crystal, at least part of the crystal layer containing 
Si, Ge, and C; (b) depositing a Si crystal layer on the 
crystal layer; and (c) annealing the substrate to precip- 
itate SiC crystals in the crystal layer and strain the Si 
crystal layer. 

[0018] By the above method, as in the first method 
described above, it is possible to fabricate a semicon- 
ductor wafer including a relieved buffer layer containing 
Si, Ge, and C and a strained Si crystal layer. By using 
this semiconductor wafer as a substrate of a semicon- 
ductor device, the semiconductor device can exhibit im- 
proved performance compared with a semiconductor 
device using a bulk Si crystal as the substrate. 



FIG. 1 is a cross-sectional view of a conventional 
substrate structure for obtaining a strained SI crys- 
tal. 

FIG. 2 is a cross-sectional view of a semiconductor 
wafer including a strained Si crystal layer, fabricated 
in an embodiment of the present invention. 
FIGS. 3A through 3D are cross-sectional views il- 
lustrating a fabrication process of a semiconductor 
wafer of the embodiment of the present invention. 
FIG. 4 Is a view showing X-ray diffraction (XRD) 
spectra of a SiGeC crystal measured immediately 
after deposition on a Si substrate and after anneal- 
ing. In the semiconductor wafer of the embodiment 
of the present Invention. 

FIG. 5 is a view showing X-ray diffraction spectrum 
of the Si substrate including the strained Si crystal 
layer on the relieved buffer layer proposed in the 
present Invention. 

FIG. 6 is a micrograph taken by a transmission elec- 
tron microscope after annealing of the SiGeC layer 
formed on the Si substrate according to the present 
invention. 

FIG. 7 is a micrograph taken by a transmission elec- 
tron microscope after annealing of a SiGe crystal 
formed on a substrate. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0020] Hereinafter, a best-mode embodiment of the 
present invention will be described with reference to the 

accompanying drawings. 

[0021] FIG. 2 is a cross-sectional view of a semicon- 
ductor wafer of this embodiment. As shown in FIG. 2, 
the semiconductor wafer of the embodiment of the 
present invention includes a Si substrate 1 made of a 
bulk Si crystal, an annealed SiGeC crystal layer 10 hav- 
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ing a thickness of about 130 nm formed on the SI sub- 
strate 1, a Si crystal layer 9 having a thickness of about 
4 nm formed on the annealed SiGeC crystal layer 10, 
and a strained Si crystal layer 4 formed on the Si crystal 
layer 9. 

[0022] The annealed SiGeC crystal layer 10 includes 
a matrix SiGeC crystal layer 7 formed on the Si substrate 
1 and SiC microcrystals 6 having a diameter of about 2 
to 3 nm dispersed in the matrix SiGeC crystal layer 7. 
[0023] Defects 2 suspected of being dislocations are 
present in a region of the matrix SiGeC crystal layer 7 
within 20 nm from the interface with the Si substrate 1 . 
[0024] A feature of the wafer of this embodiment is to 
use the annealed SiGeC crystal layer 10 including the 
SiC microcrystals 6 and the matrix SiGeC crystal layer 
7 as the relieved buffer layer. 

[0025] The lattice constant of the lattice-relieved ma- 
trix SiGeC crystal layer 7 is greater than the lattice con- 
stant of Si. Therefore, although the thickness of the re- 
lieved buffer layer Is as small as about 1 30 nm, it Is pos- 
sible to form the strained Si crystal layer 4 by growing 
the Si crystal layer 9 on the annealed SiGeC crystal lay- 
er 10. 

[0026] In addition, in the semiconductor wafer of this 
embodiment, the crystal defects 2 suspected of being 
dislocations are confined in the region within 20 nm from 
the interface between the Si substrate 1 and the an- 
nealed SiGeC crystal layer 10. No through dislocation 
is observed. The evidence of this, as well as the reason- 
ing by the present inventors on why no through disloca- 
tion is generated, will be described later. 
[0027] With no through dislocation observed in the an- 
nealed SiGeC crystal layer 10, a highly-reliable, high- 
performance semiconductor device can be fabricated 
using the semiconductor wafer of this embodiment. For 
example, it is possible to fabricate a field effect transistor 
having a Si/SIGeC heterostructure in which a gate oxide 
film and a gate electrode are formed on the strained Si 
crystal layer 4. 

[0028] Although the thickness of the Si crystal layer 4 
is set at 4 nm in this embodiment, it is not specifically 
limited. The Si crystal layer 9 may not necessarily be 
formed on the annealed SiGeC crystal layer 10, and the 
strained Si crystal layer 4 may be directly formed on the 
annealed SiGeC crystal layer 10. Alternatively, a SiGe 
crystal or a SiGeC crystal may be formed under the 
strained Si crystal layer 4 and on the SI crystal layer 9. 
[0029] In this embodiment, the wafer including the 
strained Si crystal layer 4 was described. Alternatively, 
the wafer may be provided to the user at the stage where 
the strained Si crystal layer 4 has not been formed. 
[0030] The composition of the SiGeC crystal in the 
semiconductor wafer of this embodiment is 68.3% of SI, 
30.5% of Ge, and 1.2% of C, as will be described later. 
The contents of these atoms are not limited to these. 
[0031] In this embodiment, the thickness of the an- 
nealed SiGeC crystal layer 10 as the relieved buffer lay- 
er is 130 nm. For the purpose of suppressing disloca- 



tions from appearing on the substrate surface, a thick- 
ness more than 20 nm is enough for the annealed 
SiGeC crystal layer 10. Alternatively, the thickness of 
the annealed SiGeC crystal layer 10 may exceed 130 
5 nm, 

[0032] A method for fabricating a semiconductor wa- 
fer of the embodiment of the present invention will be 
described with reference to FIGS. 3A through 3D, FIGS. 
3A through 3D are cross-sectional views Illustrating a 

10 fabrication process of the semiconductor wafer of the 
embodiment of the present invention. 
[0033] First, in the step shown in FIG. 3A, the surface 
of the Si substrate 1 in (001) face is cleaned in the fol- 
lowing manner. The surface of the Si substrate 1 is 

15 cleaned with a mixed solution of sulfuric acid - hydrogen 
peroxide aqueous solution, to remove organic sub- 
stances and metallic contaminants on the surface of the 
Si substrate 1. The surface of the Si substrate 1 is then 
cleaned with a solution of ammonia - hydrogen peroxide 

20 aqueous solution, to remove attachments on the surface 
of the Si substrate 1 . Subsequently, a naturally-oxidized 
film on the surface of the Si substrate 1 is removed with 
hydrofluoric acid. The resultant Si substrate 1 is im- 
mersed in the solution of ammonia - hydrogen peroxide 

25 aqueous solution again, to form a thin protection oxide 
film on the surface of the Si substrate 1. 
[0034] In the step shown in FIG. 3B, the surface- 
cleaned Si substrate 1 is put in an ultrahigh vacuum 
chemical vapor deposition (UHV-CVD) apparatus, and 

30 the inside of the UHV-CVD apparatus is decompressed 
to as low as 2.6 X lO-^ Pa (2 x 10-9 Torr). The Si sub- 
strate 1 is then heated to a temperature of 800°C in a 
hydrogen gas atmosphere, to remove the protection ox- 
ide film and thus expose the cleaned surface of the Su 

35 substrate 1. Subsequently, the temperature of the Si 
substrate 1 is decreased to 490°C, and while keeping 
this temperature, disilane (Si2H6) gas, germane (GeH4) 
gas, and methylsilane (SiCHg) gas as material sources 
of Si, Ge. C, respectively, are introduced into the 

40 UHV-CVD apparatus, to permit epitaxial growth of a 
SiGeC crystal on the Si substrate 1 for 15 minutes, so 
that the SiGeC crystal layer 8 having a thickness of 
about 130 nm is deposited. The pressures of the gases 
during this process are 9.1x10*3 Pa (7 xlO'^ Torr) for 

45 theSi2H6gas,4.2 x 10-2 Pa (3x10^ Torr) for the GeH4 
gas, and 1 .2 x 1 0-3 Pa (9 x 1 0-^ Torr) for the SiCHq gas. 
The feeding of the GeH4 gas and the SiCHg gas is then 
stopped, and after the substrate temperature is tempo- 
rarily raised to 550°C, only the Si2H6 gas is fed at a pres- 

50 sure of 3.2 x 10-2 Pa (2.4 x 10-^ Torr) for 2 minutes, to 
deposit the Si crystal layer 9 having a thickness of about 
4 nm. The Si crystal layer 9 serves as a protection film 
for preventing Ge and C atoms from flowing out to a 
process apparatus such as a cleaning apparatus used 

55 in the next step and contaminating the apparatus. 
[0035] In this embodiment, the thickness of the Si 
crystal layer 9 deposited on the SiGeC crystal layer 8 
was set at 4 nm. However, it may be thicker or thinner 
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than 4 nm without causing any problem against preven- 
tion of contamination. The deposition of the Si crystal 
layers may even be omitted depending on the structure 
of the apparatus. Alternatively, a SiGe crystal or a 
SIGeC crystal may be formed on the Si crystal layer 9. s 
[0036] In this embodiment, the UHV-CVD method 
was employed for the crystal growth. Alternatively, a 
LRP apparatus, a RT-CVD apparatus, or the like may 
be used. 

[0037] Although the Si wafer in (001 ) face was used io 
as the substrate in this embodiment, a Si wafer having 
a different crystal face may be used. 
[0038] Before proceeding to the next step, the crystal 
state immediately after the growth of the SiGeC crystal 
will be described. FIG. 4 shows XRD spectra of the is 
SiGeC crystal measured immediately after the growth 
on the Si substrate and after annealing. 
[0039] The lower part of FIG. 4 shows the XRD spec- 
trum of the crystal obtained from the substrate immedi- 
ately after the formation of the SiGeC crystal layer 8 and 20 
the Si crystal layer 9 in the step shown in FIG. 3B. In 
this spectrum, the peak observed near 34.56 degree Is 
that caused by diffraction from (004) planes of Si used 
as the substrate, and the peak near 34.06 degree is that 
caused by the SiGeC crystal deposited on the Si sub- 25 
strate 1. This SiGeC crystal is considered to be in the 
completely strained state, that is, the state in which any 
lattice constant of the SiGeC crystal in directions in par- 
allel with the Si substrate completely matches with the 
lattice constant of the Si substrate. The composition of 30 
the crystal was estimated from the peak angle of the X- 
ray diffraction spectrum using a crystal analysis tech- 
nique called Vegard's Law. As a result, the crystal was 
found to be a SIGeC crystal containing 30.5% of Ge and 
about 1 .2% of C. Further, from close observation of the 35 
lower spectrum in FIG. 4, it is found that small peaks 
exist around the peak of the SiGeC crystal near 34.06 
degree. These small peaks, which constitute a fringe in 
the X-ray diffraction image, indicate that the crystallinity 
and flatness of the SiGeC crystal formed in this embod- 
iment are very good. In order to confirm the crystallinity 
of the crystal, a cross-sectional view of the crystal was 
observed by a transmission electron microscope (TEM). 
And it was found that no defect or the like was observed 
at all at the interface between the Si substrate 1 and the 
deposited SiGeC crystal layer 8 and inside the SiGeC 
crystal layer 8. 

[0040] In the step shown in FIG. 3C, the substrate is 
taken out from the UHV-CVD apparatus, and then an- 
nealed in a nitrogen atmosphere with a halogen lamp 50 
annealing apparatus, an electric furnace annealing ap- 
paratus, or the like. The annealing is performed at 
1050°C for 15 seconds, 

[0041] By the annealing, the SIGeC crystal layer 8 is 
phase-separated Into the SIC microcrystals 6 and the 55 
matrix SiGeC crystal layer 7 as will be described later. 
Simultaneously, lattice relieving occurs, and as a result, 
the lattice constant in the plane of the matrix SiGeC crys- 



tal layer 7 becomes greater than the lattice constant of 
the Si substrate 1, as will be described later. By this lat- 
tice relieving, when a Si crystal layer is deposited on the 
annealed SiGeC crystal layer 10 in the subsequent step, 
the Si crystal layer can be made strained, enabling for- 
mation of the strained Si crystal layer 4. 
[0042] In this embodiment, due to the existence of the 
SiC microcrystals 6 precipitated by annealing the sub- 
strate at 1050°C, no through dislocation is found in the 
annealed SiGeC crystal 1 0. This indicates that using the 
semiconductor wafer fabricated in this embodiment, it is 
possible to fabricate a semiconductor device with high 
reliability. 

[0043] Although the substrate was annealed at 
1050**C in this embodiment, the annealing may be per- 
formed at a temperature at which SiC is precipitated, 
that is, about 950°C or more. 

[0044] In this embodiment, after the deposition of the 
SiGeC crystal layer 8, the substrate was temporarily tak- 
en out of the crystal growth apparatus before starting 
the annealing. This procedure is not necessarily fol- 
lowed, but the annealing may be sequentially performed 
in the crystal growth apparatus after the deposition of 
the SiGeC crystal layer 8. 

[0045] Note that although in this embodiment, the 
strained Si crystal layer 4 is formed in the following step, 
this layer may not be formed, but the annealed substrate 
including the Si substrate 1 and the annealed SiGeC 
crystal layer 10 may be provided as the substrate on 
which an arbitrary semiconductor device is to be formed. 
In other words, a wafer including the Si substrate and 
the SiGeC crystal layer with SiC crystals dispersed 
therein may be provided to the user without forming the 
strained Si crystal layer 4. 

[0046] Before proceeding to the next step, the state 
of the annealed SiGeC crystal will be described. 
[0047] FIG. 6 is a TEM micrograph showing the re- 
sults of observation of a section of the substrate after 
annealing with a TEM. From FIG. 6, it is found that the 
SiC microcrystals 6 having a diameter of about 2 to 3 
nm were precipitated in the region that would have oth- 
erwise maintained a uniform SiGeC crystal. The SiC mi- 
crocrystals 6 were presumably generated because the 
metastable SiGeC crystal was phase-separated by the 
annealing into the SiC crystals and the SiGe crystal as 
stable crystals. During this phase separation, most of C 
atoms in the SiGeC crystal layer 8 presumably gathered 
to form the SiC microcrystals 6, and the portion sur- 
rounding the microcrystals 6 constituted the SiGeC 
crystal (matrix SiGeC crystal layer 7) having a consid- 
erably reduced C content. 

[0048] In FIG. 30, the SiC microcrystals 6 are shown 
as occupying a greater proportion than the actual vol- 
ume proportion thereof for easy understanding. In real- 
ity, the volume proportion of the SiC microcrystals 6 in 
the annealed SiGeC crystal layer 10 is considerably 
small. 

[0049] In close observation of the TEM micrograph 
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shown in FIG. 6, the defects 2 suspected of being dis- 
locations are found only in the region within about 20 
nm from the interface between the Si substrate 1 and 
the annealed SIGeC crystal layer 1 0 in the matrix SiGeC 
crystal layer 7. In the other region of the matrix SIGeC 
crystal layer 7, that is, in the region apart from the inter- 
face between the Si substrate 1 and the annealed 
SiGeC crystal layer 10 by more than 20 nm, defects are 
hardly found. It Is known that In general when a structure 
of a mere SiGe crystal deposited on a Si substrate is 
annealed, a large through dislocation and the like are 
generated. FIG. 7 is a TEM micrograph taken after an- 
nealing of a SiGe crystal formed on a substrate. From 
FIG. 7, it is found that a through dislocation was gener- 
ated In the SiGe layer after annealing. Such a defect 
was not generated at all in the wafer including the SIGeC 
layer fabricated in this embodiment. 
[0050] The reason why a large defect such as a 
through dislocation is not generated will be briefly dis- 
cussed. The lattice constant of the SIC microcrystals 
and the lattice constant of the SiGeC crystal having a 
low C content surrounding the SiC microcrystals are 
greatly different from each other (presumably, by about 
20%). Therefore, defects too minute to be recognized 
in the TEM micrograph shown in FIG. 6 are presumably 
formed between the SiC microcrystals and the sur- 
rounding SIGeC crystal having a low C content. With the 
existence of such minute defects, presumably, the strain 
in the matrix SiGeC crystal layer 7 is gradually relieved, 
resulting in proceeding to the entire lattice relieving with- 
out generation of a large defect such as a through dis- 
location. 

[0051] The upper spectrum in FIG. 4 shows the re- 
sults of X-ray diffraction of the substrate after the an- 
nealing (see FIG. 3B). The peak appearing at 33.95 de- 
gree con-esponds to a diffraction peak caused by the 
SiGeC crystal layer 7. From close analysis using the 
peak angle and Vegard's Law, it is found that relieving 
occurred in the matrix SiGeC crystal layer 7 and the in- 
terstitial distance In the plane of the matrix SiGeC crystal 
layer 7 is about 0.5494 nm, which is larger than the lat- 
tice constant of Si by about 0.6%. Strictly speaking, this 
value covers only the matrix SiGeC crystal layer 7, and 
is not the lattice constant of the annealed SiGeC crystal 
layer 1 0 including the SiC microcrystals. However, since 
the volume proportion of the SiC microcrystals is con- 
siderably small as described above, this value can be 
regarded equal to the lattice constant of the annealed 
SiGeC crystal layer 10. 

[0052] From the above discussion, it is understood 
that the structure of the present invention, which in- 
cludes the SI substrate and the SiGeC crystal layer with 
SiC crystals dispersed therein, functions as the relieved 
buffer layer having a reduced defect. In the wafer fabri- 
cated in this embodiment, defects of the crystal structure 
generated only In the region within 20 nm from the in- 
terface between the Si substrate 1 and the annealed 
SiGeC crystal layer 10 in the matrix SiGeC crystal layer 



7. In view of this, it is also found that a wafer free from 
a defect such as a through dislocation can be fabricated 
by only forming a deposited layer considerably thinner 
than that formed in this embodiment. 
5 [0053] Next, the case of forming a strained Si layer 
using the relieved buffer layer described above will be 
described. 

[0054] In the step shown in FIG. 3D. the surface of the 
substrate including the Si substrate 1. the annealed 

10 SiGe crystal layer 10. and the Si crystal layer 9 Is 
cleaned in substantially the same manner as that adopt- 
ed in the step shown in FIG, 3A. The substrate is then 
put in the UHV-CVD apparatus, and the cleaned sub- 
strate surface is exposed inside. The substrate temper- 

15 ature is set at 550°C. A Si2Hg gas is fed at a pressure 
of 3.2 X 10-2 Pa (2.4 x lO-^Torr) for 15 minutes, to epi- 
taxially grow a Si crystal layer having a thickness of 
about 30 nm on the Si crystal layer 9. 
[0055] As will be described later, the annealed SiGeC 

20 crystal layer 10 and the Si crystal layer 9 are greater In 
the lattice constant in the plane than the Si substrate 1. 
Therefore, the newly deposited Si crystal layer has a lat- 
tice constant greater than the Si substrate 1 and there- 
fore constitutes the strained Si crystal layer 4 that has 

25 strain. Thus, through the steps described above, a sem- 
iconductor substrate including a strained Si crystal layer 
is fabricated. 

[0056] By using the wafer including the strained Si 
crystal layer 4, a semiconductor device superior in per- 

30 fomnance to the conventional semiconductor device us- 
ing a Si crystal can be fabricated. For example, this 
makes it possible to fabricate a field effect transistor 
having a Si/SiGeC hete restructure in which a gate oxide 
film and a gate electrode are formed on the strained Si 

35 crystal layer 4. 

[0057] According to the method for fabricating a sem- 
iconductor wafer of the embodiment of the present in- 
vention, in which the thickness of the relieved buffer lay- 
er is as small as 130 nm, the time and cost required for 

40 fabrication can be widely reduced compared with the 
conventional method. This permits mass-production of 
the semiconductor wafer Including the strained Si crys- 
tal layer 4. 

[0058] In this embodiment, the annealing is per- 
45 formed after the deposition of the SiGeC crystal layer 8 
on the Si substrate 1 and before the deposition of the Si 
crystal layer. Alternatively, the annealing may be per- 
formed after the deposition of the Si crystal layer on the 
SiGeC crystal layer 8. By this alternative method, also. 
50 it is possible to fabricate a semiconductor wafer includ- 
ing the strained Si crystal layer 4. 
[0059] Hereinafter, the crystal state of the annealed 
SiGeC crystal layer 10 and the strained Si crystal layer 
4 on the Si substrate 1 formed in this embodiment is 
55 discussed. 

[0060] FIG. 5 is a view showing the results of meas- 
urement of an X-ray diffraction spectrum of the Si sub- 
strate 1 with the annealed SiGeC crystal layer 10 and 
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the strained SI crystal layer 4 formed thereon. From FIG, 
5, it is found that, in addition to the diffraction peak of 
the SI substrate 1 near 34.56 degree and the diffraction 
peak of the relieved SiGeC crystal (annealed SiGeC 
crystal layer 10) near 33.95 degree, a weak broad peak s 
is observed near 34.7 degree. This peak near 34.7 de- 
gree is considered to have appeared because the Si 
crystal layer, which was deposited on the annealed 
SiGeC crystal layer 10 having a lattice constant in the 
plane greater than the Si substrate 1 , received tensile io 
stress and thus strained. From analysis using Vegard's 
Law, it is found that the in-plane lattice constant of the 
strained Si crystal layer 4 is about 0.5458 nm. Since the 
interstitial distance of the Si substrate 1 (bulk Si crystal) 
Is 0.5431 nm, the SI crystal layer 4 has a strain of about is 
0.5%. From the above results, it is found that a strained 
Si crystal also can be formed by depositing a Si crystal 
on the SiGeC crystal layer including SIC crystals dis- 
persed therein. 

20 

INDUSTRIAL APPLICABILITY 

[0061] The present invention is applicable to a field 
effect transistor that has a Si/SiGeC heterostructure and 
includes a strained SI crystal, and the like. 25 



Claims 

1. A semiconductor wafer comprising: 30 

a substrate made of a Si crystal; and 

a crystal layer formed on the substrate, the 

crystal layer having a lattice constant in the 

plane greater than the lattice constant of the 35 

substrate, 

wherein at least part of the crystal layer is a 
crystal of Si, Ge. and C with SiC crystals dispersed 
in the crystal. 40 

2. The semiconductor wafer of Claim 1 , further com- 
prising a strained Si crystal layer formed on the 

crystal layer. 

45 

3. A method for fabricating a semiconductor wafer, 
comprising the steps of: 

(a) depositing a crystal layer on a substrate 
made of a Si crystal, at least part of the crystal so 
layer containing Si, Ge. and C; and 

(b) annealing the substrate including the de- 
posited crystal layer to relieve the lattice of the 
crystal layer and precipitate SiC crystals in the 
crystal layer. 55 

4. The method of Claim 3, further comprising the step 
of: 



(c) forming a strained Si crystal layer on the an- 
nealed crystal layer including the SiC crystals. 

5. A method for fabricating a semiconductor wafer, 
comprising the steps of: 

(a) depositing a crystal layer on a substrate 
made of a Si crystal, at least part of the crystal 
layer containing Si, Ge, and C; 

(b) depositing a Si crystal layer on the crystal 
layer; and 

(c) annealing the substrate to precipitate SiC 
crystals in the crystal layer and strain the Si 
crystal layer. 
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FIG. 2 
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FIG. 4 



SiGeC crystal Si substrate 

(004) planes (004) planes 
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FIG. 5 



SiGeC crystal Si substrate 
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FIG. 6 

SiC crystal (black particles) 




FIG. 7 



Through dislocation 
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